D
EFICIENT moisture on nonirrigated land has caused researchers and others to seek ways to use precipitation more efficiently. One approach has been through land leveling to retain and uniformly distribute intense precipitation which would otherwise run off or collect in depressions*.
Much of the dryland leveling in the United States has been concentrated in the Lower Rio Grande Valley of Texas where approximately 15,000 acres have been leveled during recent years. Although the benefits from this practice may appear obvious, certain essentials for success have been discussed by Robinsf. They are: (a) runoff must be appreciable and somewhat regular in occurrence, (b) runoff must occur when additional moisture can be stored and effectively used by crops, (c) soil moisture storage capacities must be high, and (d) suitable crops that can use the additional water must be grown. Field measurements of the ways in which various areas meet these essentials are limited. Hatchett and Marion (3)t at Spur, Texas, obtained increased cotton yields from benching 0.5 to 1 percent slopes during a two-yr period. However, Hauser and Cox (4) noted little or no benefit from bench leveling alone at Bushland, Texas.
The study reported in this paper was initiated to determine the effect of leveling dryland areas on moisture storage and grain sorghum yield in the Lower Rio Grande Valley of Texas.
EXPERIMENTAL PROCEDURE AND SITE DESCRIPTIONS
The study was conducted on three paired sites (six fields), one leveled An 8-row transect (strip) was established across each level and adjacent nonleveled field. All soil, moisture, and crop measurements were made within this 8-row transect.
Soil moisture was measured with a neutron meter before seeding, twice during the growing season, and after harvest each year at depths of 6 in. and 1, 2, 3, 4, 5, and 6 ft. Moisture-sampling sites were located at obvious topographic changes across the nonleveled fields and at various "cut" and "fill" locations across the leveled fields.
Water-table elevations were determined in piezometers installed at the ends of each field, and rainfall was measured with a standard U.S. Weather Bureau rain gage located on each site.
Hybrid grain sorghum was seeded annually as the test crop in the 8-row transects, and grain yields were delineated at topographic changes on the nonleveled and at "cut" and "fill" areas on the leveled fields. Previous cropping involved a cotton and grain sorghum rotation.
Possible variation in nitrogen status between fields and along the transects was reduced by applying 125 lb of ammonium nitrate (33.5 percent N) per acre each yr before seeding.
There were no marked differences in soil texture, soil density, available soil moisture, and available phosphorus between the leveled and nonleveled fields at the same site. Sites 1 and 3 are classified as Willacy sandy clay loam and site 2 as Delfina fine sandy loam.
Soil salinity affected site 1 in varying Seeding, harvest deg along the transects. All areas exhibiting visual plant symptoms of soil salinity were not harvested and hence are not included in the yield data. Site 2 was saline below 3 ft (-4 mmho per cm) but did not exhibit visual plant symptoms of soil salinity. The lower root zone salt may have uniformly reduced crop yields (5), however. Site 3 was nonsaline (-1 mmho per cm) within the 6-ft profile sampled. All leveled fields were designed for zero graded (flat) in all directions. However, surface elevations along the 8-row transects revealed several deviations from the design grade. The maximum difference in elevation across the leveled fields was 0.35, 0.35, and 0.8 ft at sites 1, 2, and 3, respectively. Nonleveled field profiles along the transects revealed a somewhat "hummocky" or undulating surface topography in some portion of the field. Site 2 has a depression near the transect center that collects runoff. Very little runoff water leaves the field area of site 1; however, water moves from high to low areas within the field. Runoff water leaves the site 3 nonleveled field via an open, surface drainage ditch.
RESULTS AND DISCUSSION
Rainfall and Water Table Observations Test-period rainfall is given in Table  1 Measuring dates varied between 3 and 8 days after the rainfall events. There were no marked profile moisture differences at seeding between leveled and nonleveled fields ( Table 3) . The leveled field profiles contained slightly more stored moisture in 1962 at sites 2 and 3, and at site 3 in 1963. The measured moisture use (evapotranspiration) during the crop season was low compared with other published Southern Plains data (1, 2). The low measured moisture use at site 1 can be explained by the high, fluctuating water table that exists at the site. However, it seems unlikely that a water table of 11 and 13 ft at sites 2 and 3 would furnish appreciable quantities of water to the sorghum plants.
On the average, the leveled field of sites 1 and 2 indicated a more uniform moisture distribution across them at seeding than the adjacent nonleveled fields. The stored moisture variation across the leveled fields is related to leveling job quality (miscrorelief variations) and to soil texture (water-hold- 
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ing capacities). Site 3 exhibited more within-field variation in stored moisture at seeding for the leveled field than the nonleveled field, due to a poor leveling job and to higher clay content at one sampling location.
CROP YIELDS AND MOISTURE-USE EFFICIENCY
Grain sorghum yields on a field basis and moisture-use efficiency are presented in Table 4 . Approximately 400 lb per acre yield differences were noted in favor of the leveled fields at sites 1 and 3 in 1963. Other yield differences were too small to be significant in practical farming operations. Average testperiod yields show only slight differences of 50, 50, and 80 lb per acre in favor of the leveled fields of site 1, 2, and 3, respectively.
The leveled-field yield results generally agree with those of Hauser (4) who noted little or no benefits from bench leveling alone (no watershed at Bushland, Texas, during 1958-60). There were no consistent yield differences between cut-and-fill areas across the level fields.
Moisture-use efficiency varied between yrs at the same site. Average moisture-use efficiencies for sites 1 and 3 were high compared with expected nonirrigated values of 200 lb per acrein. of water or less (6). The high measured moisture-use efficiency indicated at site 1 suggests substantial water use from the water table (5). However, site 3 in 1964 (13-ft-deep water table) indicates that grain sorghum makes efficient use of water, provided high profile moisture exists at seeding.
INTERPRETATIONS
In order to explain the response or lack of response from leveling nonirrigated land in the Lower Rio Grande Valley, several factors that could affect soil moisture and cause differences between leveled and nonleveled fields need to be evaluated. These factors may be classified broadly as climatic effects, topographic effects, and soil effects.
The principal climatic effects are frequency and timeliness of runoff-producing rains and the annual rainfall distribution. Factors that tend to eliminate stored moisture differences between leveled and nonleveled fields are watertable depth, evapotranspiration, and monthly rainfall distribution. The normal monthly rainfall amounts for the Lower Rio Grande Valley indicate two periods when runoff-producing rains are likely to occur. These periods are May to June and August to October, with May and September the peak rainfall months. It should be noted that monthly rainfall varied greatly from the mean for individual years, es- pecially during the summer months. June rainfall is usually too late to benefit spring-seeded grain sorghum. September and October rainfall occurs during the fallow period. Therefore, May is the only month in which runoff-producing rains may be expected that would benefit growing grain sorghum on leveled fields. No runoff-producing rains occurred in May at any site during the test period. The peak rainfall month of September has the highest probability for the occurrence of runoffproducing rains that could cause differences in stored moisture between leveled and nonleveled fields. These differences must persist through the fallow period to benefit the succeeding crop. High water tables (in some cases), low monthly rainfall during the four months before seeding, fairly high fall and winter temperatures, and perhaps percolation below 6 ft (possible at site 2 and 3) apparently equalized soil-profile moisture storage that occurred following heavy rains.
At site 1 in 1961, rains totaling 8.55 in. fell in September. The water table rose within 6 in. of the soil surface, then receded to 3.1 ft by seeding time 1962. Only 1.50 in. of additional rain fell from October 1961 through February 1962, and soil profile moisture per 6 ft was essentially equal for the leveled and nonleveled field at seeding (Table 3).
In 1963 the leveled field (site 1) contained 2.64 in. more stored moisture in the 6-ft profile after harvest. However, additional rainfall, water-table effects, and evapotranspiration had equalized soil moisture between fields by seeding in 1964.
Site 3 in 1963 illustrates the combined equalizing effects of additional rainfall, evapotranspiration, and percolation on stored soil moisture during the fallow period. The leveled field contained 3.18 inches more moisture per 6 ft after harvest than the nonleveled field. Four months later, after 9.22 in. of cumulative rainfall (no runoff-producing rains), profile moisture contents were equal. The leveled field had lost 2.37 in. and the nonleveled field had gained 0.64 in. per 6 ft of profile. The water table had remained nearly constant at 13 ft.
Topographic features also influence the quantity of soil moisture stored. Microrelief variations across leveled fields affect moisture distribution. Topographic features of nonleveled fields may or may not permit runoff from the field or the local area. Because of a "hummocky" or undulating microrelief, water that runs off elevated portions of a field commonly collects in depressions adjacent to or surrounding the elevated portions. Thus average soil-moisture contents on a field basis may remain equal between leveled and nonleveled fields.
Several factors appear to affect crop yield on both leveled and nonleveled fields. These include timeliness of cropseason rainfall, profile moisture at seeding, soil salinity, and water-table depth and fluctuation.
A striking example of the importance of timely rainfall during critical grainsorghum growth stages is revealed in the following data from site 3 in 1962 and 1964: advantages. It reduces the need for surface drainage, permits plowing and cultivation of all the field at one time, and provides a uniform surface for the operation of farm machinery.
SUMMARY
The effects of leveling nonirrigated land on stored soil moisture and hybrid grain-sorghum yield were studied for three yrs at three paired sites (one leveled, the other nonleveled) in the Lower Rio Grande Valley of Texas. Evaluation of these effects was complicated by rainfall distribution and variability, flat-to-undulating surface topography, high regional water tables, high evapotranspiration, and soil salinity in the upper and/or lower root zone.
Although leveled fields showed more stored moisture than non-leveled fields (with one exception) following fallowseason, runoff-producing rains, these differences largely disappeared by seeding time. Only about 6 percent of fallow-season rainfall was stored in the 6-ft soil profile at seeding.
Average test-period grain yields showed slight advantages of 50, 50, and 80 lb per acre in favor of the leveled fields of sites 1, 2, and 3, respectively. In the absence of a high water table, grain yields depended on profile moisture at seeding and on timeliness of rainfall during critical growth stages.
Other possible advantages of nonirrigated land leveling are noted. 
